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Abstract
In Indonesia, Java Island still contributes a large amount of the total number of vegetables produced. In this tropical country, vegetables 
are produced in two different agro-ecological conditions, which are high altitude and low altitude. The rapidly increasing population 
growth has caused the centre’s production of high altitude vegetables on Java Island to be increasingly pressured by other types of land 
utilization. This study was conducted in one of the production centres of tropical high altitude vegetable crops in the upper slope area of 
Mts Gede-Pangrango, West Java, covering an area of 78,290 ha. The research objective was to delineate the suitable land that is available 
for high altitude vegetables crops. In the first step, land suitability was analysed using multi-criteria decision-making methodology. 
The criteria used include those grouped within the parameters of land, topography, climate and ease of management; criterion consists 
of sub-criteria. The criteria were weighted using the Analytical Hierarchy Process, while sub-criteria were scored according to their 
contributions to land suitability. The weights of the criteria and scores of the sub-criteria were used for delineating land suitability in 
a geographic information system model. In the second step, the land availability was analysed by taking into account the constraints 
of forest area status designation and the spatial pattern of official land use plan map. Results of both analyses were used to delineate 
suitable and available land for tropical high altitude vegetables crops. The results showed that the amount of land that was suitable 
and available for tropical high altitude vegetables crops was 23.7% of the analysed area. The area of suitable and available land that 
is actually not used yet is 9% of the area analysed, which could be recommended for the expansion of vegetable crops. Land that is 
suitable and available, either land that is already used or land that is not yet used, could be designated as priority lands to be protected 
from the pressure of non-agricultural land utilization in order to maintain the sustainability of vegetable availability.
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Introduction
Vegetables are herbaceous species that have parts that can be 
consumed by humans, either the leaves, roots, hypocotyl, stem, 
petiole or flower buds (Shannon and Grieve, 1999). In daily life, 
eating vegetables is one of humans’ primary needs. Inadequate 
intake of vegetables and fruit has caused millions of deaths each 
year, making it one of the top ten risk factors contributing to 
mortality (Weinberger and Lumpkin, 2005). The World Health 
Organization (WHO) recommends a minimum of 400 g of fruits 
and vegetables per day, excluding potatoes and other starchy 
tubers (ISHS, 2012). Increasing the number of population would 
increase the need for vegetables. As is the implication, more 
vegetable production will be required in the future. On the other 
hand, the land available for production becomes more and more 
limited due to the population increase, which will also increase 
the need for land for various uses (Pilehforooshha et al., 2014; 
Zhang et al., 2014). One of the implications for agriculture is 
the necessity of selecting agricultural land that has a high level 
of suitability for cultivation (Widiatmaka et al., 2014, 2015a) so 
that higher production can be achieved in each parcel of land.

Indonesia is one of the important tropical countries producing 
vegetables and fruits. ISHS (2012) notes that Indonesia is 
the 6th largest horticulture producer in the world after China, 
India, Nigeria, the USA and Brazil. Data from the Ministry of 
Agriculture (2014) shows that Indonesian production of fruits 
and vegetables in 2013 was 18.3 million tons of fruits and 11.6 

million tons of vegetables. Such data indicate that vegetables are 
one of the important agricultural products in Indonesia.

Agricultural and food production are highly influenced by agro-
ecology and the environment (Francis et al., 2013). In a tropical 
country such as Indonesia, the farming of vegetables is highly 
influenced by altitude. Different vegetables can be found in the 
high altitudes as well as in the low altitudes. Many vegetables 
are temperate in origin, and productivity remains low under 
tropical conditions (Singh et al., 2015). However, a temperate-like 
agro-ecology may be achieved by increasing the altitude. Some 
of vegetables that are traditionally grown in high altitude areas 
are cabbage, cauliflower, carrots, broccoli, chives, potatoes and 
others. Other types of vegetables such as beans and eggplant are 
traditionally cultivated in the lowlands. Many definitions can be 
used to define high altitude agriculture. Midmore and Poudel 
(1996) divides the agro-ecological zones for growing vegetables 
as cool highland and warm-dry and warm-wet lowlands based on 
an agro-ecological environment without height definitions. Lin 
et al. (2013) defines high altitude agriculture in his research as 
agriculture that is cultivated at an altitude of more than than 500 
m above sea level (a.s.l.). In the case of Indonesia, the Ministry 
of Agriculture (2006) has issued official recommendations after 
various assessments in accordance with Indonesian agro-ecology 
(Saida et al., 2010, 2011) for the cultivation of tropical high 
altitude vegetables. In these recommendations, high altitude 
is expressed as the area at an altitude of 700 m a.s.l. or more. 
With the Indonesian agro-ecosystem ranging from the coast to 
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the plains and mountains, a region with an altitude of more than 
700 m a.s.l. covers a wide area that reaches 3.28 million hectares 
(Subiksa et al., 2012). This figure shows the high potential 
of Indonesia for the development of tropical high altitude 
agricultural products including vegetables.

One of the major problems facing Indonesia is the insufficiency 
of agricultural production to meet the needs of its high number of 
population, which in 2015 is estimated at 255 million (Statistics 
Indonesia, 2015). Currently, the consumption of vegetables in 
Indonesia reached 40.66 kg.capita-1.year-1 (Directorate General 
of Horticulture, 2010). Such a consumption figure is still far from 
the FAO recommendations, which reached 73 kg.capita-1.year-1 
(Directorate General of Horticulture, 2010), and so theoretically, 
the total requirement of vegetables for such a large Indonesian 
population should be increased in the future, reaching more than 
15 million tons.year-1 in the next ten years (Directorate General 
of Horticulture, 2010). The actual insufficiency of production is 
reflected, among others, by the fact that the country’s need for 
vegetables is actually supplied from imports. The statistical data 
of the Ministry of Agriculture (2014) note that the import value 
of 11 kinds of vegetables in 2013 was US $ 476.8 million, while 
the export value of the same products was only US $ 20.5 million.

Another serious problem in terms of vegetables sufficiency is 
an imbalance of production between regions in Indonesia. Of 
the total planting area of Indonesian vegetables of 1,099,847 
ha, there is an area of 565,734 ha or 51.4% that is located on 
Java Island (Ministry of Agriculture, 2014, data processed). 
From this planting area, the total production of vegetables from 
five provinces on Java Island was 6,844,902 tons, or 59.2% of 
the total Indonesian vegetable production. This figure indicates 
the very high dependence on the vegetable production of Java 
Island. This phenomenon is not just occuring in vegetables and 
fruits, but also for the products of other food crops such as rice, 
corn and soybeans (Statistics Indonesia, 2014a). The problem 
is that Java Island is a small island, which covers only 6.7% 
of the total Indonesian land area (Statistics Indonesia, 2015). 
Moreover, this small island is inhabited by more than 60% of 
Indonesia’s population (Statistics Indonesia, 2015), and so, the 
pressure on agricultural land is very high (Verburg et al., 1999; 
Widiatmaka et al., 2015b) due to this high density of population 
and its implied need of land for settlements, industry and other 
non-agricultural uses.

Faced with this phenomenon, land utilization on the island of Java 
should be regulated in a more strict and efficient way. One way 
to make efficient land utilization is to cultivate lands with a high 
level of suitability for a commodity. To that end, land evaluation 
tools are needed. Land evaluation could be considered as the core 
of land use planning (FAO, 1996; Roetter et al., 2005; Nguyen 
et al., 2015). Land evaluation is the process of determining the 
suitability of a given land for a certain type of use (agriculture, 
forest, recreation, etc.) and the level of suitability (FAO, 1976; 
Akinci et al., 2013). This concept comes from the fact that the 
successful cultivation of a plant is strongly influenced by the 
biophysical conditions of the location. In the next step, cultivation 
of vegetables which are agro-ecologically suitable will provide 
economic benefits, giving prosperity to the people and protecting 
the land and environment simultaneously. Thus, agricultural 
development and sustainable development (WCED, 1986) could 

be achieved. Experience shows that horticulture can offer good 
opportunities for poverty reduction because it increases income 
and generates employment (Weinberger and Lumpkin, 2007). 
Thus, land evaluation becomes a fundamental step in sustainable 
land management (Schwilch et al., 2011; Nyeko, 2012; Zolekar 
and Bhagat, 2015).

The method that is currently widely used in land use planning 
is integrating the land evaluation method with the geographic 
information system (GIS) and remote sensing. GIS is very useful 
in land evaluation due to its capability in acquisition, storage 
and extraction of georeferenced data (Mendas and Delali, 2012). 
Land suitability evaluation and mapping even become one of the 
most useful application of GIS in planning (Malczewski, 2004, 
2006). Remote sensing give its contribution in a broad view, both 
spatial and temporal (Ambarwulan et al., 2010). The integrated 
use of land evaluation, remote sensing and GIS can be done in a 
decision-making system in land evaluation methodology, which 
is known as multi-criteria decision-making. In this manner, a lot 
of criteria that affect land suitability can be considered. There 
are various methods in multi-criteria decision-making (Raju, 
2009), among others the methods of distance-based (where the 
best decision is based on the closest distance to the decision of 
the ideal), outranking-based (where that the decision is based 
on preference) and utility-based (where the alternative with the 
best utility is chosen) (Raju, 2009). Analytical hierarchy process 
(AHP)-based decision-making is one of the outranking-based 
decision-making methods that is widely used in land evaluation. In 
this method, the weight of a variety of criteria was first determined 
using AHP, such weights were then applied to a weighted 
overlay in a GIS model. Such a multi-criteria method has been 
widely used in agriculture to assess the suitability of agricultural 
commodities singly, such as for coffee planting (Mighty, 2015), 
tobacco (Chen et al., 2010; Zhang et al., 2015), wheat (Mendas 
and Delali 2012; Sarkar et al., 2014), tea (Foshtomi et al., 2011; 
Li et al., 2012) and others. This type of assessment may also be 
done for agricultural use more generally without reference to a 
particular commodity, such as for example, the assessments done 
by Bandyopadhyay et al. (2009), Akinci et al. (2013), Zolekar 
and Bhagat (2015) and Kumar and Jhariya (2015). In addition 
to agriculture, this method has also been widely used, such as in 
disaster mitigation analysis (Feizizadeh et al., 2014; Dragicevic 
et al., 2015). In a wider application, this method also covers the 
areas of the environment (Finn et al., 2009), settlement (Qiu 
et al., 2010), forestry (Valente and Vettorazzi, 2008), industry 
(Komarovska et al., 2015), energy (Nerini et al., 2014) and 
tourism (Bunruamkaew and Murayama, 2011; Crecente et al., 
2012). Reviews of the methodology and literature can be found 
in Malczewski (2004, 2006) and Raju (2009).

Given that many factors are involved in vegetable production, 
this method should be applicable for land use planning of tropical 
high altitude vegetable crops. For vegetable crops, a multi-criteria 
decision making methodology would be interesting because the 
system of vegetable production is a relatively dynamic system 
that involves a lot of criteria. Good decision-making would allow 
for better management which would enhance the efficiencies of 
production and harvest time and may even increase the lifetime 
of crops (ISHS, 2012). However, it should also be noted that 
vegetable crops are also characterized by a high diversity of 
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production systems and involve different species. The agro-
ecological criteria for different plants may vary (FAO, 1976). For 
this reason, modelling for vegetables as well as for horticulture 
in general needs the generic approach. This modelling has even 
become one of the challenges in vegetable and horticultural 
modelling (Gary et al., 1998).

One of the areas that became the centre of vegetable production 
in Indonesia is West Java Province. This province produced 
2.9 million tons of vegetables in 2013 or 25% of Indonesian 
vegetable production (Ministry of Agriculture, 2014). Most of 
the vegetables are produced in high altitude agricultural areas 
because this province has a lot of mountains. One of the centres of 
tropical high altitude vegetable production in West Java is an area 
located at the upper slopes between Mount Pangrango and Mount 
Gede. Although this area has the potential for growing tropical 
high altitude vegetable crops, the area also has the potential for 
other major types of land utilization, causing high competition. 
Other land utilizations that are fairly extensive are tea plantations 
and tourism. The increasing mountainous touristic object has 
recently caused the growth of settlements and villas, causing 
pressure on agricultural land. This pressure is more pronounced 
for vegetable crops because they involve small farmers with low 
income compared to the tea plantations owned by large state 
companies. Therefore, agricultural land, in this case an area 
with a high potential for vegetables, needs to be identified in the 
context of protecting it against pressure for non-agricultural uses. 
In the future, protection could be accomplished, for example in 
the form of subsidies for farmers (Qin et al., 2015); however, the 
identification of such potential land should be done first.

Against such a background, this study aims to delineate suitable 
and available land for tropical high altitude vegetables crops. 
Analysis of the first phase will be carried out using multi-criteria 
decision-making for land evaluation to determine the land’s 
suitability. Furthermore, an analysis of the land availability will 
be carried out on such suitable land. Prioritization can then be 
carried out regarding land that is suitable and available.

Materials and methods
Research area: The research was carried out in the upper slope 
area, situated between Mt. Pangrango and Mt Gede, called 
“Puncak” (meaning “high altitude place” in the Indonesian 
language). Geographically, the study area is located at 106o50’30 
“-107o9’30” East and 6o34’30 “-6o57’30” South. Mt. Pangrango 
(3,019 m) is located side-by-side with Mt. Gede (2,958 m) 

(Syartinilia and Tsuyuki, 2008), and the upper valley between the 
two mountains is also a touristic and agricultural area, with tea 
and vegetable crops as the major agricultural products. Vegetable 
crops that are currently grown include cabbage, squash, celery, 
lettuce, potatoes, asparagus, broccoli, carrots, tomatoes, radishes, 
spring onions, beets, mustard, kailan, Chinese cabbage, chili 
peppers, garlic and scallions.

With the altitude limit taken at 700 m a.s.l. or more as stated by 
the Ministry of Agriculture (2006), the study area covers an area 
of 78,290 ha (Fig. 1). This area includes administratively Bogor 
Regency (22,541 ha, 7 districts), Cianjur Regency (30,287 ha, 
7 districts), Sukabumi Regency (25,805 ha, 6 districts), and the 
City of Sukabumi (8.2 ha, one district).

Geologically, the study area is composed of rocks of diverse age, 
from recent alluvium sediment, Holocene, lower Miocene, middle 
Miocene, Pleistocene, Pliocene, upper Miocene until the upper 
Pleistocene (Sudjatmiko, 1972; Effendi et al., 1998). Rock breccia 
and lava from the mountain of Pangrango dominate, covering 
50% of the area. Old volcano sediment is also quite dominant, 
reaching 30% of the area. The sedimentary and volcanic 
formation of Pangrango and Gede are scattered almost evenly.

The climate of the research area, as well as the general climate 
of Indonesia, is influenced by the tropical humid monsoon. 
In general, there are two seasons: the rainy season, which 
runs September-April, and the dry season, which runs April-
September. Rainfall and temperature will be presented in detail in 
the description of the parameters used for this research; however 
as an illustration, the average rainfall in Bogor Regency, the 
closest regency, is 3,992.7 mm.year-1 (Statistics Bogor Regency, 
2014).

Data: The data used in this study were structured in the criteria 
and sub-criteria. The criteria used for multi-criteria decision-
making of land suitability for tropical high altitude vegetable 
crops can be grouped into three parameters: parameters of soil and 
land, which include the criteria of soil class and land capability 
class; parameters of topography, which includes criteria of 
slope class, altitude class and slope aspect class; parameters of 
climate, which include the criteria of temperature and rainfall; 
and parameters of ease of management, which include the criteria 
of land use/land cover, distance from roads and distance from the 
markets. The choice of the parameters used for analysis were done 
in light of the field observations.

The parameter of soil and land was acquired from the soil map 

Fig. 1. Research area of the upper slope area of Mts Gede-Pangrango, West Java Province, Indonesia
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at a scale of 1: 50,000, compiled from Widiatmaka et al. (2006, 
2007, 2012). This map is a result of detailing the soil map of 1: 
250,000 (ICALRRD, 2011), using many local research sources 
including the student thesis, supplementary field observations 
during 2014 and topographic detailing using the topographic 
map at scale of 1: 25,000. In this map, the soil is classified up 
to the subgroup category (Soil Survey Staff, 2014); however for 
this research, the soil classification used will only come from the 
great group category (Soil Survey Staff, 2014) in order to simplify 
the choice for decision-making. The data from such a map was 
also used to generate a land capability class map using the land 
capability criteria of Klingebiel and Montgomery (1961), which 
has been made in a quantitative way for Indonesian applications 
by Arsyad (2010).

Topographic parameters were obtained from topographic maps 
at a scale of 1:25,000, produced by the Indonesian Geospatial 
Information Agency. The whole research area was covered by 
the 12-sheet map, which was then integrated into a sheetless map 
for this research area. From these maps, the spatial treatment was 
completed using Arc-GIS 10.2. Using such software, the slope 
class map, which will be used for the slope criteria was derived 
using the Slope module in Spatial Analyst, while the slope aspect 
map, which will be used for the slope aspect criteria was obtained 
using the Aspect module in Spatial Analyst. The altitude class 
was obtained using the module of Reclassify, applied to Digital 
Elevation Model.

The climatic parameters, which include the criteria of rainfall, 
temperature and relative humidity, were obtained from the 
Indonesian Agency for Meteorology, Climatology and Geophysics 
(BMKG). The data were obtained in the form of spatial data, 
resulting from climate spatialization of West Java Province data 
(Wulandari et al., 2012).

The land use/land cover criteria was obtained from the 
interpretation of SPOT-6 imagery on the acquisition date of March 
2014. The imagery interpretation was done using supervised 
classification with ERDAS Imagine software. Field checking 
was done in August 2014 in order to match the results of image 
interpretation with ground appearance. The data of market 
position was surveyed along with this field checking by noting 
the coordinates using GPS. The data of distance from the road 
was obtained from topographic maps of 1:25,000. Distance was 
buffered in the GIS Spatial module.

Analysis procedure: The overall analysis procedure for this 
research is presented schematically in Fig. 2. The land suitability 
analysis is performed using multi-criteria decision-making. Such 
decision-making is based on the weight of the criteria used. 
Weighting is done using the analytical hierarchy process (AHP) 
(Saaty, 2008). The AHP was conducted by interviewing five 
experts. In AHP, the weighting is done on a scale of 1 to 9 by 
comparing in pairs the relative importance of each pair (Table 1).

Criteria consisted of sub-criteria. For each of the sub-criteria in 
each criterion, a score is given. The scores given have a value 
ranging from 0 to 10 based on the level of importance of each 
sub-criteria. Scores are given based on the consensus of five 
experts. The weight of the criteria generated from the AHP and 
the scores of the sub-criteria resulting from the consensus are 
then used to obtain a total weight value. These total weight values 
are then used to perform a GIS model for spatial overlaying. The 
level of land suitability for tropical high altitude vegetable crops 
was carried out by dividing into quartiles, based on the following 
formula (Rahman and Saha, 2008; Cengiz and Akbulak, 2009):

1

S
n

i i
i

w x
=

=∑
where, S = land suitability; wi = weight of land suitability criteria;  

Fig. 2. Analysis procedure followed for this research
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xi = score of sub-criteria i; and n = number of land suitability criteria.
In analyzing the land availability, two maps were used to 
determine the constraint of land availability. First, the Forest 
Area Status Designation (FASD) map (Ministry of Forestry, 2009; 
Brockhaus et al., 2012) was used because the utilization of forest 
areas in Indonesia is set according to the regulations as outlined 
in the map. The FASD map for the study area is presented in Fig. 
3a. In this map, the existing forest in the study area is classified 
into five classes, namely Protected Forest, Tourism and National 
Reserve Forest, Production Forest, Limited Production Forest, 
and Area for Other Utilization (AOU). The area that can be 
considered as available for agriculture is AOU, while the other 
forest classes are forest areas that are not allowed to be used 
other than for forestry purposes. The second map used is the 
Spatial Pattern of Official Land Use Plan (SP-OLUP) of West 
Java Province (Government of West Java, 2010). This map is 
designed for land allocation for a variety of formal sectors; the 
agricultural sector is just one of many sectors. Based on SP-
OLUP of West Java, there are 12 land allocations (Fig. 3b). Of 
such land allocation, ones that can be used for agriculture include 
Cultivation Area, Annual Crop Area, Wetland Agriculture Area, 
Dry Land Agriculture Area and Rural Area; while land allocation 
that cannot be used for agriculture include Protected Forest Area, 
Conservation Forest Area, Production Forest Area, Limited 
Production Forest Area, Non-Forest Protected Area and Urban 
Area. The land allocation for Plantation Area is not included as 
available for use of vegetables crops.

In the next step, the suitable area and the available area were then 
overlayed in the GIS environment. Such a process will give an 
output of suitable land that is available for tropical high altitude 
vegetables crops. The interpretation can then be given, both in 
terms of land that has actually been used for the cultivation of 
tropical high altitude vegetables crops and land which is currently 
not used but is suitable and available.

The spatial distribution of criteria and scores of the sub-
criteria: The spatial distribution of criteria and sub-criteria are 
presented in Table 2 and Fig. 4. In Table 2, the scores derived 
from the expert consensus for each sub-criterion were also given.

For the criteria of soil class, the soil occupying the largest area 
are the soil great group of Hapludands followed by Dystrudepts, 
occupying 56.0% and 33.8% of the research area, respectively. 
Other soils are of relatively limited extent, each with an area 
of less than 5%. For scoring purposes, in addition to the 
soil classification and soil characteristics obtained from the 
information from classification, consideration of the chemical 
characteristics of the soil were also used. Vegetables crops 
generally require high soil requirements and so, the initial capital 
of good soil properties is crucial (Sharma et al., 2014). The 
summary of soil properties that are used as consideration in the 
scoring, mapped using a geostatistical process (Widiatmaka et 
al., 2006) from all primary and secondary soil analysis data are 
presented in Fig. 5.

The highest score of 10 is given to the soil great group of 
Hapludands (Soil Survey Staff, 2014), which was a soil great 
group of the Andisols soil order. Almost all high altitude 
vegetables crops in Indonesia were grown in Andisols, and 
so most of the Andisols soil order is generally considered as 
suitable for high altitude vegetable crops. This fact was found in 
the high altitude vegetables centre on Java Island as well as on 
other islands such as Sumatra, Bali, Lombok, Flores and North 
Sulawesi (Sukarman and Dariah, 2014). The soil great group of 
the Hapludands is part of Andisols soil order which has an Udic 
soil moisture regime (Soil Survey Staff, 2014). It should be noted 
however, that not all members of the Andisols soil order can be 
considered suitable for vegetables crops. To other Andisols, which 
are a soil great group of Udivitrands, a lower score was given. 
Udivitrands is a soil great group of Andisols that are relatively 
less able to retain and provide water and have a hard layer at a 

Table 1. Rating for pairwise comparison according to Saaty (2008)

1/9 1/7 1/5 1/3 1 3 5 7 9
Extremely Very strongly Strongly Moderately Equally Moderately Strongly Very strongly Extremely

Less important More important

a b

Fig. 3. Map of: (a) Forest area status designation (Ministry of Forestry, 2003, 2009); and (b) land allocation in spatial pattern of official land use plan 
(Government of West Java, 2010)
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depth of less than 60 cm (Soil Survey Staff, 2014). With these 
properties, the Udivitrands received a score of 6.

To the Inceptisols, high scores was also attributed: 9 for the 
soil great group of Eutrudepts and 8 for the soil great group of 
Dystrudepts. Inceptisol is a relatively young soil (from Latin, 
inceptum = beginning). This soil generally has a cambic horizon 
(Soil Survey Staff, 2014). Because of its early development, 
most of the soil is quite fertile. Eutrudepts soil is more fertile 
than Dystrudepts because it has a higher base saturation (> 60%) 
(Soil Survey Staff, 2014).

A score of 7 was given to the soil great group of Hapludalfs, 

which was a member of the Alfisols soil order. Alfisols have an 
accumulation of clay within the sub-surface horizon (argillic 
horizon) and has a high base saturation of more than 35% at a 
depth of 180 cm from the soil surface (Soil Survey Staff, 2014).

Paleudult is a soil great group of the soil order of Ultisols (Soil 
Survey Staff, 2014), a soil which has an accumulation of clay in 
the sub-surface horizon, acidic, with a base saturation of less than 
35% at a depth of 180 cm from the soil surface (Soil Survey Staff, 
2014). To this soil great group, a score of 5 was given.

Regarding land capability, the land capability is primordial 
since the research area is a sloping mountainous area, where 

Fig. 4. Spatial distribution of: a. soil great group; b. land capability class, c. altitude; d. slope; e. slope aspect; f. land use/land cover; g. distance to 
market; h. distance to road; i. rainfall; j. temperature; k. relative humidity
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preserving soil from erosion is very important 
in order to sustain land utilization (Malley et al., 
2006; Fenton, 2014). Land capability is defined 
as a systematic arrangement of different kinds of 
land according to those properties that determine 
the ability of the land to produce permanently 
(Klingebiel and Montgomery, 1961; Fenton, 
2014). The land capability in the study area 
ranges from land capability classes of I to VIII, 
only land capability class V does not exist. Land 
class I is the best land that can be used for all 
types of land utilization. Land class VIII is the 
worst land, which can only be used for nature 
reserves and protected areas. In the study area, 
most of the land are classified as class III to VIII 
with an area distribution that is almost even, 
whereas land of class I and II are relatively few. 
For reasons of conservation, cultivation is only 
permitted on land classes I until IV (Arsyad, 
2010). Therefore in scoring, to land classes V to 
VIII a score of 0 are given. The land of classes 
I to IV were scored successively from 10 to 7.

Altitude is of course the first criterion of the 
topographical parameters to be considered in the 
cultivation of tropical high altitude vegetables 
crops. The consideration of altitude is closely 
related to temperature, and there is a relation 
between altitude, temperature and even rainfall 
(Sagredo et al., 2014). In the soil of West Java, 
Braak (1928) investigated that each of 100 
m of increasing altitude, the soil temperature 
diminished by 0.6oC. In addition to temperature, 
altitude is also closely related to other aspects 
that also affect plant growth. Increasing altitude 
is also related to increasing cloudiness in the 
sky, decreasing atmospheric pressure and other 
environmental changes (Guerrero-Chavez et 
al., 2015). Altitude may also cause effects in 
chemical reactions inside species as has been 
shown in phenolic synthesis and accumulation 
(Guerrero-Chavez et al., 2015). In this study 
area, the distributions of height at an altitude of 
> 700 m a.s.l. are mostly in the altitude interval 
of 700-1,000 m a.s.l., followed by 1,000-1,300 m 
a.s.l. and then 1,300-2,000 m a.s.l. The region at 
an altitude of > 2,000 m a.s.l. has a very limited 
area. Because the research area has already been 
delineated at an altitude of >700 m a.s.l., then 
the entire region is basically suitable for tropical 
high altitude vegetables crops according to 
altitude; the distinction in altitude class is just 
to distinguish the level of suitability. Based on 
field observations conducted in this research, high 
altitude vegetable crops grow optimally in the 
altitude range of 1,000-1,300 m a.s.l.; therefore, 
a score of 10 is given to this altitude range. For 
the altitude ranges of 1,300-2,000 m a.s.l. and 
700-1,000 m a.s.l., scores of 9 and 8 were given 
respectively. In the altitude > 2,000 m a.s.l., 
cultivation was not allowed according to official 
regulations (Government of Indonesia, 2007); 
therefore, it was given a score of 0.

Table 2. Distributions of criteria and sub-criteria in the study area

Parameter Criteria Sub Criteria Area Score
ha %

Soil and  
Land

Soil Great Group Hapludands 44,056.7 56.0 10
Dystrudepts 26,590.2 33.8 8
Eutrudepts 3,202.4 4.1 9
Paleudults 2,876.5 3.7 5
Hapludalfs 24.2 0.0 7
Udivitrands 1,892.5 2.4 6

Land Capability Class I 2,647.9 3.4 10
Class II 6,024.7 7.7 9
Class III 11,959.3 15.2 8
Class IV 18,859.4 24.0 7
Class VI 12,583.3 16.0 0
Class VII 13,386.0 17.0 0
Class VIII 13,263.9 16.8 0

Topography Altitude (m a.s.l.) 700-1000 40,109.6 51.0 8
>1000-1300 19,900.6 25.3 10
>1300-2000 14,394.2 18.3 9

>2000 4,238.0 5.4 0
Slope (%) 0-3 760.5 1.0 10

>3-8 12,082.5 15.4 9
>8-15 20,615.7 26.2 8

>15-25 18,127.7 23.1 6
>25-40 15,790.8 20.1 4

>40 11,264.5 14.3 0
Slope Aspect Flat 0.8 0.0 10

North 8,562.9 10.9 6
Northeast 10,230.4 13.0 9

East 10,125.9 12.9 10
Southeast 11,671.3 14.8 9

South 11,251.9 14.3 6
Southwest 9,974.6 12.7 7

West 9,076.9 11.5 8
Northwest 7,746.9 9.9 7

Land 
Utilization

Land Use/Land Forest 31,684.3 40.3 7
Cover Built Area 5,215.0 6.6 0

Dry Land Farm 5,446.3 6.9 10
Water Body 8.0 0.0 0
Plantation 22,087.7 28.1 0
Rice Field 13,544.0 17.2 9

Shrub 657.2 0.8 8
Distance to market (km) 0-5 36,826.0 46.8 10

>5-10 39,357.6 50.0 8
>10 2,458.9 3.1 6

Distance to road (m) 0-300 25,572.9 32.5 10
>300-900 24,846.3 31.6 8

>900 28,223.2 35.9 6
Climatology Rainfall (mm.yr-1) 700-3,000 74,822.5 95.1 10

>3,000 mm 3,819.9 4.9 8
Temperature (oC) 8-12 1,792.0 2.3 0

>12-14 2,080.0 2.6 6
>14-16 3,315.4 4.2 8
>16-18 8,155.0 10.4 10
>18-20 18,668.7 23.7 8
>20-23 44,631.4 56.8 6

Humidity (%) 82-83 1,428.5 1.8 10
>83-84 42,276.3 53.8 9
>84-85 24,338.0 30.9 8

>85 10,597.6 13.5 6
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Another criterion of the topographic parameter is slope. In the 
study area, slopes ranging from 0-3% to > 40% exist; however, 
the dominant slope range is >3-40%. Generally, agriculture is 
recommended more in flat areas in order to minimize soil erosion, 
and the soil is considered to have good quality (Kumar and 
Jhariya, 2015). Cultivation on steep slopes is not recommended 
for reasons of sustainability (Malley et al., 2006). Therefore, 
the highest score was given to the slope range of 0-3%. The 
higher the slope, the lower the scores are given (Table 2). On the 
slopes of > 40%, cultivation is not allowed according to official 
regulations (Government of Indonesia, 2007); therefore, it was 
given a score of 0.

The criterion of slope aspects indicate the face of the slope 
according to the compass direction, which determines also the 
level of suitability for agriculture. In the upper slope of this 
mountainous area, the relatively flat areas are very few. Most of 
the areas are sloping, with diverse direction aspects (Table 2). 
To the east facing slope, a score of 10 was given, as the morning 
sunlight is considered good for photosynthesis. The same score 
was given to the flat area, where solar radiation can be captured 
in a sufficiently high amount. Optimal sunlight will lead to 
optimal photosynthesis, which will further affect the optimum 
physiological aspects of plants. The research of Jaimez et al. 
(2008) showed a close relationship between photosynthesis and 
root growth. Lack of radiation will result in a reduction of quality, 

such as etiolation and vegetative growth at the expense of edible 
organs or the lack of production of tubers (Gruda, 2007).

Climatic parameters are very important in vegetables growth 
and handling. They affect not only the physiological processes 
and lead to differences in appearance of vegetable products, 
but they also have direct and indirect influence on the internal 
quality of vegetables (Gruda, 2007). In climatic parameters, 
rainfall affects plant growth. The research area is located in wet 
tropical climates and so, rainfall is relatively high. Thus, water 
scarcity is not an issue, meaning that there is no drought in these 
highlands. Problems would arise if the rainfall were too high, 
because it would cause rapid deterioration of vegetables. The 
spatial distribution of rainfall in the study area is dominated by 
rainfall of 700-3,000 mm.year-1. High scores are given to rainfall 
that is not too high, at an interval of 700-3,000 mm.year-1, whereas 
lower scores were given to rainfall of > 3,000 mm.year-1.

The temperature is fundamental to the growth of high altitude 
vegetables crops, demonstrated by various research (Motsa et 
al., 2015; Naughton et al., 2015). Temperature affects chemical 
reactions and physical properties of plants and this influence 
occurs at both the cellular level and the plant level (Gruda, 
2007). High altitude vegetables crops generally need an optimum 

Fig. 5. Several soil chemical properties in the research area: a. soil pH; b. soil organic carbon; c. soil cation exchange capacity; and  
d. soil base saturation
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temperature: temperatures that are too cold or too hot will not be 
suitable for growing tropical high altitude vegetables crops. In 
addition to growth, temperature affects the ease of handling. For 
example, a temperature that is too hot will cause the vegetables 
to easily damage (Abousaedi et al., 2015). The storage life of 
commodities varies inversely with the rate of respiration, which 
in turn depends considerably on the temperature (Hobson, 
1992). The spatial distribution of temperature in the study area 
ranged from 8oC to 23oC. The most extensive temperature range 
is >20-23oC (Table 2). In this study, a high score is given to a 
temperature range of >16-18oC. Lower scores are given to the 
temperatures below 16oC and above 18oC. Similarly, relative 
humidity also affects both the physiological aspects and growth 
of plants as well as the post-harvest handling. In this region, the 
entire region is essentially considered to have high humidity; thus, 
the highest score was given to the area with the lowest relative 
humidity range.

In the study area, the predominant land use/land cover is 
forest, which covers 40.3% of the area, followed by plantation, 
which covers 28.1% of the area (Table 2). Almost the entire 
plantation area is tea plantations. This region is famous for its tea 
plantations, which have been cultivated since the Dutch colonial 
era (Etherington, 1974). The land use of rice fields also covers 
an extensive area. The high altitude vegetable crops are actually 
cultivated on dry land, which covers 5,446.3 (6.9%); the highest 
score of 10 is thus given to this dry land agriculture. Moreover, 
the vegetable crops are also often cultivated in the rice field area, 
especially in the non-irrigated rice fields where rice is alternated 
with vegetables. Thus, to the rice fields area, a high score of 9 is 
given. Scores were given to the forest and shrub; although they 
are not currently used for cultivation, but they have a potential 
to be used in the future. Part of the forest, which is not permitted 
to become a cultivated area according to FASD will be excluded 
in the next analysis of land availability. Land utilizations that do 
not allow for vegetables cultivation such as built areas, existing 
tea plantations and water bodies, are scored at 0.

In terms of accessibility, this area has quite good accessibility, 
especially at an altitude that is not too high, up to about 1,000 
m a.s.l. Areas at higher altitudes are generally forest areas with 
limited accessibility. There are not too many markets, only in 
the district capital. In terms of distance to market and distance 
to the road, a high score was given to land close to the road or 
close to the market. Vegetables are perishable and lose quality 
and appearance shortly after harvest (Sharma et al., 2014), so 
the aspects of ease of transportation become very important 
(Abousaeidi et al., 2015). The range of distance to the road and 
distance to the market used in this study are judged based on 
observations of field conditions.

Results and discussion
The weight of criteria resulting from AHP are presented in Table 
3. The results indicate that the value of the consistency ratio (Cr) 
is 0.03. This value is still below the maximum allowable Cr of 
0.1. This indicates that the results are valid in accordance with 
the threshold recommended by Saaty (2008).

The weighting results showed that the soil criterion has the highest 
weight. This result indicates that soil quality is very crucial in the 
successful cultivation of vegetables crops (Sharma et al., 2014). 

The next weights are altitude, followed by land capability class 
and slope. The relatively high weights for land capability class 
and slope indicate that experts have a great concern in terms of 
soil conservation, since this region is indeed dominated by sloping 
areas. Areas at high altitude generally have hilly landforms 
and are even mountainous. On the other hand, cultivation of 
vegetable crops can be considered as intensive cultivation; thus, 
soil conservation efforts should be done to protect the land from 
degradation.

The criteria which have low weights include relative humidity, 
the slope aspect, the distance to road and the distance to market. 
In terms of relative humidity, the low weight is related to the 
location of the research areas in a humid tropical climate. The 
difference between classes in terms of relative humidity is not 
too high and even, the lowest scored class still belonged to the 
range of suitable for vegetables crops. A similar case was valid 
for the slope aspect: the study area is located in a tropical region 
where sunlight is generally not an obstacle, whatever the slope 
aspect. There is no great difference between the slope aspects, 
because in tropical areas, the sun is relatively verticale. In terms 
of distance from the road, since the research area is located on 
the upper slope of a mountain that is a touristic area, in general, 
accessibility is not a major problem. Usually farmers sell their 
vegetables with a two-wheeled vehicle to a nearby market and 
so, transportation is relatively flexible.

The analysis results of the land suitability for tropical high altitude 
vegetable crops are presented in Fig. 6. The summary of these 
land suitability results are presented in Table 4 (column a, b and 
c). Land that is not suitable for tropical high altitude vegetable 
crops covers an area of 5,384.2 ha, or 6.9% of the area. Land 
that is not suitable is mainly land situated close to the top of the 
mountain, causing a combination of limited physical properties 
that do not allow the cultivation of vegetable crops: a very high 
altitude at more than 2,000 m a.s.l., a steep slope of more than 
40%, a low land capability (land capability class of VII or VIII) 
and a very low temperature. This land is actually not cultivated; 
its land use/land cover is forest. Of the total area of 78,289.9 
ha that were analysed, the total area of 72,905.7 ha or 93.1% is 
suitable for high altitude vegetable crops. The land suitability 
classes vary from highly suitable (S1) to marginally suitable (S3); 
however, the dominant part is land with a land suitability class of 
moderately suitable (S2), which covers an area of 35,249.7 ha or 
45% of the area being analysed.

Of such suitable land, the results of the land availability analysis 
considering FASD maps and the map of SP-OLUP are presented 
in Fig. 7a and Table 4 (column d and e). In consideration of 
FASD, all areas included in forest areas that are not allowed for 
cultivation were excluded. In the same way, considering SP-
OLUP, all areas designated for uses other than agriculture are also 
excluded. With this analysis, the area that is not available for high 
altitude vegetable crops covers an area of 59,522.4 ha, or 76% 
of the area being analysed. Most of the area that is not available 
coincides with areas that are allocated to become protected areas. 
Functionally, this protected area should be obeyed because this 
region is an upstream part of a large watershed that includes the 
Ciliwung River. The downstream part of this watershed includes 
the cities of Bogor and Jakarta, the Indonesian capital. As has 
been known, in recent years, Jakarta experienced an annual flood. 
Some studies indicate that the incidence of floods in Jakarta is 
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closely associated with the destruction of forests in the upstream 
watershed (Costa et al., 2015; Lin et al., 2015). In this context, 
planning for land utilization for agriculture should respect the 
existing official spatial land use plan. With these considerations, 
the total area of suitable and available land for tropical high 
altitude vegetable crops covers an area of 18,577.8 ha or 23.7% 
of the analysed area. Mostly of such area (9,579 ha or 12.2%) is 
moderately suitable (S2).

Of such suitable and available land, several parts are areas of 

land that are currently used for agriculture. This fact is based on 
principles used in weighting and scoring, which were applied in 
the land suitability analysis. In the weighting and scoring process, 
land use and land cover become one of the parameters considered, 
and land that is actually in use for agricultural dry land farming 
(which in fact is actually used for agriculture), was given a high 
score. Re-utilization of land use and land cover maps at this step 
-after previous use for weighting- does not mean it is redundant: 
in the first analysis, land cover was used for weighting and scoring 
for suitability analysis, while in this second analysis, it is used to 
identify the potency and land availability analysis. Overlaying 
the suitable and available land with actual land use/land cover 
resulted in Table 4 (column f and g) and Fig. 7b. With this process, 
the land that is actually used for agriculture (paddy field, existing 
vegetable crops, etc.) was excluded. The result is suitable and 
available land, which is currently not used and available for 
further use for vegetable crops. Results of this analysis step is 
presented in Table 4 (column g). The area covers 7,019 ha, or 9% 
of the area analysed, and its suitability spread from S1, S2 and 
S3. Results of this analysis can be interpreted as the maximum 
potential expansion land for high altitude vegetable crops in 
this region. In real terms, this potency constitute the land that is 
actually covered by shrub and forest but is located in the FASD 
status of AOU and is not prohibited to be used for cultivation.

The results of the overall analysis can be used to prioritize the 
development of tropical high altitude vegetable crops in the study 
area. Information about different classes of land suitability can 
be used as considerations for land use planning. A more detailed 

Fig. 6. Map of land suitability for tropical high altitude vegetables crops

Fig. 7. Map of suitable and available land for tropical high altitude vegetable crops: (a) taking into account FASD and SP-OLUP; (b) taking into account 
FASD, SP-OLUP and actual land utilization

Table 3. Weight of criteria resulting from pairwise comparison
  SGG ALT LCC SL LULC TEMP RF DM DR SA RH Weight

SGG 1 2 3 3 4 5 6 7 8 9 9 0.271
ALT 1/2 1 2 2 3 4 5 6 7 8 8 0.190
LCC 1/3 1/2 1 1 2 3 4 5 6 7 7 0.130
SL 1/3 1/2 1 1 2 3 4 5 6 7 7 0.130
LULC 1/4 1/3 1/2 1/2 1 2 3 4 5 6 6 0.089
TEMP 1/5 1/4 1/3 1/3 1/2 1 2 3 4 5 5 0.062
RF 1/6 1/5 1/4 1/4 1/3 1/2 1 2 3 4 4 0.044
DM 1/7 1/6 1/5 1/5 1/4 1/3 1/2 1 2 3 3 0.031
DR 1/8 1/7 1/6 1/6 1/5 1/4 1/3 1/2 1 2 2 0.022
SA 1/9 1/8 1/7 1/7 1/6 1/5 1/4 1/3 1/2 1 1 0.016
RH 1/9 1/8 1/7 1/7 1/6 1/5 1/4 1/3 1/2 1 1 0.016
Note:	SGG: soil great group; ALT: altitude; LCC: land capability class; SL: slope; ; LULC: land use and land cover; TEMP: temperature; RF: rainfall; 
DM: distance to market; DR: distance to road; SA: slope aspect; RH: relative humidity
Max eigenvalue (γmax) = 11.4551121
n = 11
Consistency index (Ci) = (γmax - n)/(n - 1) = 0.04551121
Random index (Ri) = 1.49
Consistency ratio (Cr) = Ci/Ri = 0.030544436
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analysis for more specific vegetable commodities still requires 
more data, for example in terms of soil chemical analysis. In the 
concept of land evaluation, specific commodities require specific 
land characteristics as well. Nonetheless, this analysis using 
common characteristics is very necessary as has been insisted by 
Gary et al. (1998). The analysis would be included as part of the 
database for horticultural land use planning (Rao et al., 2014).
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